Objective: To examine associations of self-reported sleep disturbance and short sleep duration with the risk for academic failure. Methods: A cohort of~40,000 adolescents (age range: 12-19 years) who were attending high school grades 7, 9, and 2nd year of upper secondary school in the Swedish Uppsala County were invited to participate in the Life and Health Young Survey (conducted between 2005 and 2011 in Uppsala County, Sweden). In addition to the question how many subjects they failed during the school year (outcome variable), subsamples of adolescents also answered questions related to subjective sleep disturbance (n = 20,026) and habitual sleep duration (n = 4736) (exposure variables). Binary logistic regression analysis was utilized to explore if self-reported sleep disturbances and habitual short sleep duration (defined as less than 7-8 h sleep per night) increase the relative risk to fail subjects during the school year (controlled for possible confounders, e.g. body-mass-index). Results: Adolescents with self-reported sleep disturbances had an increased risk for academic failure (i.e., they failed at least one subject during the school year; OR: boys, 1.68; girls, 2.05, both P < 0.001), compared to adolescents without self-reported sleep disturbances. In addition, adolescents who reported short sleep duration on both working and weekend days were more likely to fail at least one subject at school than those who slept at least 7-8 h per night (OR: boys, 4.1; girls, 5.0, both P < 0.001). Conclusion: Our findings indicate that reports of sleep disturbance and short sleep duration are linked to academic failure in adolescents. Based on our data, causality cannot be established.
Introduction
Surveys in both Asian and European cohorts have recently shown that a significant proportion of school-aged children perceive the quality of their regular sleep to be insufficient [1] [2] [3] . This is alarming, as adolescents with sleep problems exhibit deficits in attention, a lack of concentration, reduced cognitive functioning, and signs of reduced capacity to cope with emotional stress [1, [4] [5] [6] . As a consequence, adolescents with sleep problems may perform poorly in school. Supporting this assumption, previous studies have demonstrated that adolescents with insufficient sleep are at an increased risk for academic failure [3, 5, [7] [8] [9] . For instance, in a study involving 713 adolescents, self-reported sleep complaints were associated with overall impaired performance at school [10] . Another study demonstrated in children that experimental sleep restriction (i.e., 1 h less sleep each night over four consecutive nights) led to impaired math fluency and attentional deficits [5] . However, although fewer in number, there are also studies that did not find evidence for an association of insufficient sleep with academic performance [11, 12] . For instance, in one study involving 1000 high school students and 200 middle school students, there was no correlation between sleep time and academic performance measured by students' self-reported grade point average. This finding was consistent from 7th through 12th grades [11] . In light of these contradictory findings, which may mainly be due to differences in sample sizes, large adolescent cohorts are needed to examine if reports of sleep disturbances and short sleep duration are linked to academic success in school. Thus, in the present study whose
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analysis was based on questionnaire data of~20,000 communitydwelling Swedish adolescents in the age between 12 and 19 years (7th and 9th grades and 2nd year of upper secondary school), we aimed to examine associations of self-reported sleep disturbance (i.e. subjective appraisal of sleep quality) and duration with the risk for academic failure at school. All analyses were controlled for confounders that may impact adolescents' sleep (e.g. parents' ethnic identity, family household structure, parents' employment status, body mass index or BMI, and school location). It was hypothesized that adolescents with reports of sleep disturbance and short sleep duration (i.e. less than 7-8 h sleep per night) would have a higher risk to fail at least one subject during the school year, compared to those without sleep disturbances or sufficient sleep length. In light of previous findings where the adverse impact of chronic short sleep on school performance was more pronounced in girls than in boys [9] , particular attention was paid to gender in the analysis. To our best knowledge, there is no other community-dwelling study with a similar sample size that has systematically investigated to which extent sleep quality and quantity are related to academic failure among Swedish boys and girls in the age between 12 and 19 years.
One possible lifestyle factor that could explain as to why sleep problems are so frequently found among adolescents Asian and European cohorts [1] [2] [3] might be the increasing use of information and communication technologies, comprising internet. Previous studies have demonstrated that the frequent use of information and communication technologies can lead to subjective sleep disturbances, later bedtimes, stress susceptibility, and depressive symptoms in children and adolescents [13] [14] [15] . According to the central statistical agency in Sweden in 2013, 91% of the Swedish population (16-85 years old) had a home internet access. This analysis also revealed that the time spent on the internet was highest among people in the age between 16 and 24 years, especially for females [16] . Against this background, we also investigated to which extent the use of internet at night was linked to sleep disturbances and short sleep duration in adolescents. Fig. 1 presents a flow chart of exclusions. A cohort of 39,399 adolescents who were attending high school grades 7, 9, and 2nd year of upper secondary school in the Swedish Uppsala County (typical school start times between 8 AM and 9 AM) were invited to participate anonymously in the Life and Health Young Survey (conducted between 2005 and 2011 in Uppsala County, Sweden). The survey was completed by adolescents at the end of the school year. In 2005, adolescents who participated in the survey were not asked about family structure (utilized as covariate in the present study). The question concerning habitual nocturnal sleep duration was only available from the survey conducted in 2011. As there were no missing variables (including covariates), for the final analysis, 20,026 questionnaires were considered eligible to examine the association between self-reported sleep disturbances and academic failure. In addition, 4736 questionnaires were considered eligible to investigate the association between self-reported habitual nocturnal sleep duration and academic failure. The data analysis was approved by the Ethical Committee of Uppsala (EPN).
Methods

Study sample
Assessment of reports of sleep disturbances and duration
Self-reported sleep disturbances were assessed by three questions: How often during the last three months have you had the following problems: difficulty falling asleep/restless sleeps/had nightmares? The adolescent could answer those questions by using a 5-point ordinal scale (never -1 point, seldom -2 points, sometimes -3 points, often -4 points, and always -5 points) (Cronbach's α = 0.76). The answers were summed into a cumulative score spanning from 3 to 15. For the analysis, a dichotomized variable was created, contrasting the highest symptom quartile with the three lowest symptom quartiles.
Self-reported habitual sleep duration was measured by the question: How many hours do you sleep on average per night during weekdays and Saturday/Sunday? These were the possible answers: less than 5 hours, 5-6 hours, 7-8 hours, 9-10 hours, or more than 10 hours. Four sleep duration categories were built for the analysis: No curtailed sleep (i.e. sleep duration more than 7 h on both working days and weekend days); curtailed sleep on weekend days (i.e. <7-8 h/night on weekend days, >7-8 h/night on working days); curtailed sleep on working days (i.e. <7-8 h/night on working days, >7-8 h/night on weekend days); and curtailed sleep on both working and weekend days (i.e. <7-8 h/night on working days, <7-8 h/ night on weekend days). In the present study, the proportion of adolescents who slept at least 9 h per night on working days -as it has earlier been recommended by the US Sleep Foundation for children in the age between 12 and 17 years [17] -was relatively low (~8%). Thus, in the present study, sleep duration of 7-8 h per night was used as cut-off-point. Importantly, questions related to sleep duration were only answered by adolescents who attended school grade 9 and 2nd year of upper secondary school in 2011 (n = 4736).
Assessment of academic failure at school
Academic failure was measured by one question: Have you failed any subject during the school year? Possible answers were as follows: no, 1-2 subjects, 3-4 subjects, ≥5 subjects. Based on the answers, two categories were formed: failed no subject at school during the school year vs. failed at least one subject at school during the school year. Importantly, no data were lost when converting the 4-pointLikert-scale into a dichotomous variable.
Assessment of internet use at night
Self-reported internet use at night was measured by one question: Are you usually active in the internet at night? Possible answers were either yes or no.
Assessment of covariates
Parents' ethnic identity was defined as Swedish, mixed, or foreign (ternary). Family household structure was defined as follows: Living in a household with both parents vs. Single-adult household/ other household structure (dichotomized). Parents' employment status was measured by the question: What does your father/ mother do for work? The responses were dichotomized, i.e., at least ) and used as a continuous variable.
Statistical analysis
The statistical software package for social science (SPSS, version 19.0.0; SPSS, Chicago, IL, USA) was used for statistical testing. Student's two-independent-sample t test and Chi-square test were used to compare groups (e.g. girls vs. boys). A binary logistic regression analysis was utilized to examine the association of academic failure (outcome variable) with sleep disturbance and duration (exposure variables). In light of previous findings where the adverse impact of chronic short sleep on school performance was more pronounced in girls than in boys [9] , particular attention was paid to gender in the analysis. All results deriving from binary logistic regression were adjusted for adolescents' age, parents' ethnic identity, family household structure, parents' employment status, adolescents' BMI, and school location. For all the statistics, a P-value smaller than 0.05 was considered as significant.
Results
Descriptive
Cohort characteristics, stratified by gender, are shown in Table 1 . Academic failure was more prevalent among boys compared with girls (χ 2 = 118.03, df = 1, P < 0.001). The proportion of self-reported sleep disturbances was 27%. In general, the relative number of sleep disturbances was higher in girls, and increased by ascending grade (P < 0.001 for analyses; Fig. 2A ). On working but not weekend days, girls reported more frequently to sleep less than 7-8 h per night than boys (32% vs. 27%, χ 2 = 13.27, df = 1, P < 0.001) ( Table 1) . Proportions of students in each sleep duration category, split by gender, are shown in Fig. 2B. 
Self-reported sleep disturbance and short sleep duration increase the risk for academic failure at school
Adolescents' age, parents' ethnic identity, family household structure, parents' employment status, adolescents' BMI, and school location were significant independent correlates of academic failure (P ≤ 0.001 for all covariates). Multivariate binary logistic regression demonstrated that adolescents with reports of sleep disturbances had an approximately twofold higher relative risk to fail at least one subject during the school year. Although in the same direction, the strength of this association slightly differed between gender (P = 0.020 for the interaction term Gender*Sleep disturbance, Table 2 ). School grade did not influence the observed associations.
Multivariate binary logistic regression demonstrated that selfreported short sleep duration increased the risk to fail one or more subjects during the school year, with highest odds for adolescents who reported to sleep less than 7-8 h on both working and weekend days ( Table 2) . No significant interaction of sleep duration with gender or grade was found. Importantly, when using 9 h per night as cut-off-point for sleep duration -as it has earlier been recommended by the US Sleep Foundation [17] -no significant association was found between sleep duration and academic success (P ≥ 0.05 for all odds ratios).
Internet use at night is more prevalent among adolescents with reports of sleep disturbance and short sleep duration
As demonstrated by Chi-square testing, adolescents with reports of sleep disturbances were more active in the internet at night, compared to those without self-reported sleep disturbances (χ 2 = 42.5, df = 1, P < 0.001, Fig. 3, left panel) . Similar observations were made on both weekdays and weekend days when the Internet use of adolescents who slept less than 7 h per night was compared with that of adolescents who slept at least 7 h per night (χ 2 = 241.2, df = 1, P < 0.001 and χ 2 = 95.1, df = 1, P < 0.001 respectively; Fig. 3 , middle and right panels).
Discussion
We hypothesized that both reports of sleep disturbances and short sleep duration (defined as <7-8 h sleep per night in the present study) would increase the risk for academic failure at school in adolescents. Supporting our assumption, our main logistic regression analysis demonstrated that both subjective sleep measures were linked to an increased risk for academic failure at school. These associations were independent of school grade. The analysis also revealed that girls who reported sleep disturbances had a greater relative risk to fail one or more subjects during the school year than boys with self-reported sleep disturbances. One explanation for the observed gender difference in our study could be that skills that are relevant to perform well at school -e.g. consolidation of facts and events and gain of insight -are more affected by sleep disturbances in girls compared to boys. Another explanation could be that boys, compared to girls, are less complaining about sleep disturbances because of their social roles, which may have weakened the observed association in boys. Thus, studies where sleep is measured more objectively (e.g. by means of a sleep EEG) are needed to ascertain further the role of gender for the association between reports of sleep disturbances and academic failure in adolescents. Nevertheless, in light of previous studies that have shown that sleep plays an important role in cognitive capabilities in children [18, 19] , our results suggest that sleep may play an important role for adolescents' performance in school.
Another important finding of our study is that~30% of the adolescents reported sleep problems (i.e. either sleep disturbances or short sleep duration). Similar observations have been made in other adolescent cohorts [1] [2] [3] , indicating that sleep problems among adolescents have reached an epidemic level in our modern societies. One common behavior among adolescents that may compromise their regular good night's sleep is the use of the Internet in periods when adolescents should sleep, i.e. during the night.Supporting this view, we demonstrate that adolescents with Table 2 Association of self-reported sleep disturbance and short sleep duration with academic failure. Exposure variable: Self-reported sleep disturbance (n Results derive from binary logistic regression (outcome variable: academic failure, defined as failure to pass at least one subject during the school year). All analyses were controlled for adolescent's age, parents' ethnic identity, family household structure, parents' employment status, adolescent's BMI, and school location (urban or rural). A detailed description of all variables can be found in the Methods section.
either reports of sleep disturbances or short sleep duration were more active in the Internet at night. In addition to its time-consuming effect that may shorten available sleep time, the exposure to electronic devices to access the Internet (e.g. tablet, smartphone, and LED-screens) near to sleep onset may also cause sleep problems, as they can emit blue light, which has been shown to suppress the release of the sleep-promoting hormone melatonin [20] .
Comparison with the literature
In the present study, both reports of sleep disturbances and short sleep duration were linked to academic failure at school in adolescents, with greater odds ratios for sleep duration. Our findings based on a large community-dwelling adolescent cohort add to the growing body of literature linking sleep with academic performance in adolescents [3, 5, [7] [8] [9] . However, in contrast to our results, previous studies have shown that poor sleep quality rather than short sleep duration increases the risk of adolescents for academic failure at school [1, 10] . Possible reasons for those discrepancies between our study and others may be explained by differences in the sample size, gender distribution, utilized covariates, and how academic performance and sleep problems were defined.
Potential mechanisms
Our observational study is limited as we cannot yet establish causality. However, there are several potential mechanisms that may explain the association between poor sleep patterns and the risk to perform worse at school. A regular good night's sleep benefits skills that may help children to perform well in school. For instance, it has been shown that nocturnal sleep promotes the formation of long-term memory, particularly that of future relevance [21] . In addition, it has been demonstrated that sleep facilitates extraction of explicit knowledge and insightful behavior [22] . Finally, when sleep is inadequate, children exhibit deficits in attention, a lack of concentration, reduced cognitive functioning, and signs of reduced capacity to cope with emotional stress [1, [4] [5] [6] . At this point, it is important to note that the observed association could be bidirectional, ie, it could also be that poor academic performance may lead to sleep problems, eg, by emotional stress.
Strengths and limitations
The major strength of our study is its sample size. Moreover, we control for confounding variables that are known to influence adolescents' sleep (as reviewed in Ref. 4) , eg, BMI. However, there are also several limitations that apply to our study findings. Both sleep disturbance and duration were based on adolescents' reports. Another limitation of our study is that we used sleep duration of 7-8 h per night as cut-off to stratify students' sleep duration into sufficient and short sleep duration. That said, it must be borne in mind that the association between habitual sleep duration and academic failure at school may differ in its strength, or even fail to reach significance -when using another cut-off-point for sleep duration (eg, 9-10 h per night). In the present study, adolescents' failure to pass one or more subjects during the school year was defined as academic failure. There are, however, no data on whether adolescents had to repeat the school year or not. Furthermore, we have no data to specify in which school subject they failed (eg, math vs. physical education). Therefore the reader should be cautious in the interpretation of our results. Finally, confound by factors (eg, pubertal status) not considered in the analysis of the present study cannot be excluded.
Conclusion
Our findings indicate that reports of sleep disturbance and short sleep duration are linked to academic failure in adolescents. This could suggest that screening for sleep habits among adolescent students may represent a useful tool to identify a significant proportion of children who are at an increased risk to perform worse in school. On the other hand, it may indicate that those who perform poorly in school are at an increased risk to develop sleep problems.
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